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FOR "F'ERATURES BFTWEEN 30O0 AND 400' F 

By Anderson B. McKeown and Robert R. Hibbard 

The  effect of dissolved o x y g w  on the  filter-clogghg  character- 
istics of three Jp-4 and two Jp-5 fuels w a s  studled  at 300° to 400' F 
in a bench-scale  rig  employlug  filter  paper 88 the f i l ter  medium. The 
residence the of the  fuel  at the high temperature was approximately 6 
seconds. For these  conditions  the  clogging  characteristics of the  fuels 

d e  increased with both increasing temperature and increashg concentration 
of dissolved oxygen. It appears  that  the  amount of oxygen consumed in 

fraction of the  amount  of  dissolved  oxygen  present. The amount of in- 
soluble  material formed at the hlgh temperatures  necessary  to produce 
clogging of filters  was  very small, of the  order of l m i l l i g r a m  per 
gallon af fuel. No correlstion was  observed  between  the  properties of 
fuels and  their  tendencies to clog filters. 

& 
* the  fuel in the formation of ~UDI at  the high temperature w a s  a small 

In some  models of present-day  turbojet  engines, the engine  lubri- 
cant  is  cooled in a heat  exchanger  by  means of the l e 1  as it flows to 
the  combustor. As a result,  the  fuel may be  heated to temperatures 
high enough to  CaUae the f o m a t i o n  of insoluble, gm-like substances. 
These  insoluble  materials, if not  removed  or  adequately dispersed, my 
either (1) foul the heat exchanger 80 that  the  lubricant is not  ade- 
quate-  cooled,  or (2) clog  filter screens or inJector  orifices so that 
the  fuel flow is  reduced  to the point of engine failme. 

The  thermal  stability of jet fuels is affected not only by the 
temperature,  but also by the residence  time of the fuel in the  heated 
zone.  Since  fuel-flow  rates  decrease  with  increasing  altitude,  the 

temperatures  and  longer  residence thes are  encountered.  Fuel  tempera- 
tures  as high as 250° F at the  exchanger  outlet  have  been reported 

e problem  became6  more  severe  at high altitudes  where both higher  fuel 

v 
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(ref. 1). Additional  heat  received frm the compressor-outlet air mid 
frm the combustion process may raise the fuel temperature t o  350° F. 
Fuel  residence  times of about 10 seconds appear likely at high 
alt i tudes . 

6 

"" . " . . . .  . - -. . " 

Military specifications  provide  for  several jet-fuel clennlinees 
control  tests  such as dis t i l l a t ion  end-point tes ts ,  existent and PO- 
t e n t i d  gum tests, sulfur tests, and EO forth. None of these  proper- 
t ies ,  however, appears t o   be . r e l a t ed   t o  the filter-clogging behavior 
of aircraft fuels a t  high temperatures  (ref. 1). Therefore, work is i n  
progress t o  determine the  underlying factors affecting the formation of 
filter-clogging  substances i n  fuels a t  high temperatures. A bench- 
scale   r ig  (manufactured by the Erdco Engineering Corp., Addison,  ILL. ) 
employing a sintered-metal f i l t e r  disk is  currently  being ueed in a 
cooperative  fuels-testing program by the Coordinating Research Council. 

Reference 1 r e  o r t s  an experimental  technique in which the  fuel  
w a s  heated from 240 t o  350° F and f i l t e r ed  thrm 2-micron paper, and 
then the  pressure drop across the paper measured. Reference 2 reports 
a method i n  w h i c h  the fuel was pumped at 3OO0 t o  4OO0 F through an 
orifice a t  constant  pressure and the ch&uige in fuel-flow rate during a 
run noted. I n  reference 3.the fuel was passed over a heated  plate and 
the amount  of fouling was measured by a radioactive  technique.  In all 
these tests the  fuel  pressure w a s  sufficiently  high  to keep the   fuel  i n  
t h e  liquid phase,  simulating  actual engine operating  conditions.  Refer- 
ence 4 reports a fuels test in which the  fuel was passed at essentially 
atmospheric presswe through glass coils immersed in a liquLd bath  at 
400' F, and the   coi ls  were rated v i s u a l l y  f o r  fouling. In  this t e s t  
the fuel is partially vaporized. 
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Reference 5 shows that gum formed in fuels i n  storage may contain 
a6 much as 20 percent oxygen, as w e l l  as  consfderable amounts of nitro- 
gen-and sulfur. Reference 1 shows further that oxygen is present fn 
filter-clogging  insolublea i n  the form of carboxyl.a.nd azehyde  function- 
a l  groupings. The source of t h i s  oxygen could possiblybe  the  dissolved 
air j.n fuel, since most aircraft  fuels  contain  dissolved air, although 
not always completely  saturated. A study was therefore undertaken at  
the NACA k w i s  M o r a t o r y   t o  determine the effect of dissolved oxygen 
on the   f i l t e rab i l i ty  of fuels for   the temperature  range 3000 t o  4000 F. 
The work was done .in a bench-scale r i g  using filter paper  a8 t he   f i l t e r  
medium and  employing fuel  pressures  sufficiently high t o  maintain the 
fuel  in  the  l iquid state. The results of this  study axe reported 
herein. 

APPARATUS 

A bench-scale tes t  apparatus, designed t o  give fuel temperstwee 
and residence t-6 similar to those found in the oil-to-fuel exchanger 
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of a typical aircraft engine, was used for   the  f i l terabi l i ty  t e s t s .  
The basic cnmponents of the  tes t  apparatus were a. blow case,  a pre- 
f i l t e r ,  a filter element (with a manometer attached) immersed i n  a 
high-temperature  bath, a fue l  cooler,  a second f i l t e r  element (with 
a manometer attached), a rotameter, a rate  control valve, and a fue l  
recovery tank. A diagrmmatic  sketch of the equipment arrangement is 
shown in  f igwe 1. No copper or  brass f i t t i ngs  were used because of 
the  possible c a t w i c .   e f f e c t s  of these  materials. 

1 

w 

8 Blow case. - The blow case, which was used..in l i e u  of a pump, con- 
s i s ted  of t w o  9-gallon tanks, m e  contdning water and the  other fuel. 
The blow case was “ h i n e d  at constant  pressure by  means of a pres- 
sure  regulator  attached to  the .nitrogen  cylinder. 

Pref i l ter .  - The fuel w a s  pref i l tered through a camercial 5-micron 
afrcraft  filter (manufactured by Bendix-Skinner D i v . ,  Bend- Aviation 
Corp.). This removed preformed fnsoluble gum from the  fuel,  as well as 
d i r t ,  rust, l i n t ,  and so forth. 

* 
Fuel heating system. - The fuel was heated In a coil of Inconel 

tubing of 0.1 inch  inside  dfaeter,  %-feet long, immersed in a  reflux- 

immersion-type heaters  controlled by a  variable  transformer . The 
liquid used in the  bath was a mixture of ethylene glycol and water fo r  
the  temperatures 3OO0 and 350° F,.and a mixture of ethyAene glycol and 
mineral o i l  for the temperature 40O0 E’. h t h  taperatu%es were measured 
by  meam of a thermometer, accurate to &lo F. 

I 

3 ing constant- teqeratue bath. The bath was heated by two 1500-watt 

F i l te r  elements. - The filter elements  used i n  the f i l t e rab i lF ty  
tests were  of the design shown in figure 2. Both  were shop-made dupli- 

f i l t e r  paper. This type of f f l t e r  element WELS easily Eassenibled and was 
f ree  of leaks at high temperatures and. pressures. The elements had a 
fi l tering  area of 0.196 square inch and gave a fue l  residence tfme of 
6 seconds at the high temperature. 

Flow-control system. - The fuel f low through the  apparatus was 
controlled by means of a needle  valve located at the downstream  end of 
the  apparatus. The fuel-flow ra te  w a s  measured  by meas of a rotameter, 
whose accuracy was checked periodically during IWIE by timing the flow 
of the  fuel Fnto a c’alibrated  receiver (not shown Fn fig. 1). 

CI Mlter  medium. - &elhimmy  studies were made on Skinner 5- and 
10-micron paper t o  determine their change i n  porosity when exposed t o  
fuels at f a t r a t i o n  temperatures. When heated for 1 hour i n  fue l  o i l  
at &OO0 F,.lO-micron paper showed less  changes in  porosity than 

- 
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5-micron Bper,  and therefore was selected for the  experimental work. 
The porosity of the paper was measuredby t . F m i n g  the flow of iaooctane w 

through the paper under .a colrstant .head of Uqud. The paper spcimeqs 
used i n  the  tes ts  were of approxFmately the same porosity. 

.. . 

Prior  t o  each experiment, the fuel was saturated with a mixture of 
oxygen and nitrogen a t  a temperature of approxFmately 75' F. The 
oxygen-nitrogen  mixtures were prepared frm air and. pure  nitrogen, 
mixed i n  proportions  necessary to  vary the  concentratiom of oxygen 
dissolved i n  the fuels. The fuels  were S8t~mated by bubbling the gae 
through the  fuel in the blow case for a -period of 30 minutes. Satura- 
t ion was carried out at atmospheric pressure w i t h  the  exception of two 
runs with fuel C i n  which equilibrium pressures of 1.7 and 8.3 atmos- 
pheres were used. 

Prior t o  each run,  the  entire  test rig, except the fuel t8nk, was 
purged of air and pressurized w i t h  nit rogen at  IJ-5 p- per square 
inch gage. The fue l  w&8 then forced thr0yg.h the syetem under a pres- 
sure of U5 powids per  sapare inch gage , and the flow rate m a  adjusted 
and kept  constant by m e a m  of the r a t e   cmt ro l  valve. Pressure drops 
across both f i l t e r s  were read fram rnanoanetere and recorded  every 10 
minutes, o r  so. A r m  was continued unt i l   e i ther  (1) the f i l t e r  paper 
of one of the filters was ruptured by the build-up of a large  pressure 
drop ( n o m  35 to  45 ~n. , or  (2) m s i f l i c e n t  pressure in- 
crease was noted on either manmeter over a period of 2 hours. 

Five fue le  with varying degrees of gum-fcnming tendencies were used 
i n  t b i s  investigation. Three were JP-4 mela (A, D, and E) and two  were 
JP-5 fuels (B and C>. The conventional  inapection data of' fuel proper- 
t i e s  are shown i n  table I. In addition t o  these analyees, the dis -  
solved oxygen and peroxide  contents of the fuels were determined by the 
following methods. The results of the dissolved oxygen asd per&& 
analyses are shown i n  table 11. 

PeKucides. - The pemxide content of the fuel was determFned by 
dissolving 1miUHter of fuel i n  20 mi l l i l i t e r s  of a ferrous-salt - 
thiocyanate - s;bsolute-mer~thol reagent (method of ref. 6).  The fe r r fc  
thiocyanate that was formed waa then d e t d n e d  by me- of a photo- 
e lectr ic  colorimeter. 
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Dissolved q g e n .  - The concentration of dissolved  owgen i n  the 
fuel, when saturated with a mixture of oxygen and nitrogen, w a s  deter- 
mined by a m o d i f i e d  procedure of the manganous hydroxide method de- 
scribed in reference 7. Ih this procedure, a solutlon of man@;anous 
sulfate and a measured quantity of standard ferrous ammonium sulfate 
solution were placed i n  a flask and the air evacuated. The f-1 and an 
excess of potassium  hydroxide solution were  added t o  the f lask  while it 
vas s t i l l  under vacum, and the f l a sk  was shaken for  30 minutes. The re-  w 

CD action mixture w a s  then  acidified,  the vacuum released, and the aqueous 
0” phase t i t r a t ed  with standard cerlc  sulfate t o  determine the amount of 

ferrous salt remaining. The ferrous  salt  oxidized by the oxygen i n  the 
fuel was calculated  as  the  difference between the ferrous  salt  added 
originally and the ferrous salt present finally. Results of the  dissolvea 
oxygen analyses a re .  s h m  i n  table I I (b  1. 

The accuracy of t h i s  method has been checked for  only a f e w  hydro- 
carbon compounds.  The following table compares the  results of t h i s  
procedure with those of another  technique (ref. 8). 

., 

Hydrocarbon 

Isooctane 

Toluene 

Benzene 

- n-Heptane 

- 
I 

“ 

i 

Tempera- 

OC 
ture, 

25 

25 

30 

30 

M560lRd axy@;en, 
mg amgen/100 

Calculated 
from data 

Foundb 

of ref. aa 
9.21 9.60,  9.26,  9.25, 

9.34, 9.50, 9.26 
(av. = 9.36) 

5.98 6.09,  5.95,  5.96 ‘ 

4.94 
5.01, 4.95, 4.96, 5.16 

(av. = 6.00)  

8.46 8.62, 8.36, 8.45, 
8.41 
(av. = 8.46) 

(av. = 4.97) 

aBunsen coefficients for 25O C were determined by 

bSaturation  pressure, 745 mm Eg; fuel saturated with 
a i r  at nearly  infinite  ratio of volume of gas t o  
volume of liquid. 

interpolation between 20° and 30° C data. 

3 Bunsen absorption  coefficients  are listed i n  reference 8 f o r  pure 

3 ccmparison. The solubility of axygen i n  &-saturated hydrocarbons was 

olcy@;en dissolved i n  various hydrocarbons. It wgs necessary t o  convert 
these  solubility data fram o w e n  t o  d r  i n  order t o  d e  the previous 
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calculated  from  the  Bunsen  coefficients wing the phial pressures of 
oxygen  in  the gas in contact w i t h  the  hy-drocarbon.  These calculations 
were  based on the asswtion that Henry's law  is  obeyed (i.e., the 
solubility of o w g e n  is dlrectly  proportional  to  the partial pressure 
of oqygen  above  the  fuel). 

It was anticipated that organic perolddes in the fuel wuld be de- 
termined  as  dissolved oxygen by the  modified mangmou~ hydrdde pro- 
cedure since ferrous  salts will react  with some peroxides i n  acid solu- 
tion;  this, of course, would necessitate  correction of the dissolved- 
oxygen results by  separate  analysis for perrxddes (as indicated  in 
table II(a) 1. However, a dissolved-oxygen  analysis bf a solution  con- 
taining 330 parts per million of ai-tert-butyl  peroxide in isooctane 
(2.3 mg active oxygen/lOO m l  sample] shoed that the  correction  neces- 
sary was only 0.03 percent  by  volume, w h i c h  is maJl enough to be ig- 
nored. For t h i s  reasan, the diBBOlVed-Oxy~en values of table  II(b) 
were  not  corrected  for peroxides. These  uncorrected W g e n  values, 
however, may be slightly high, since it is not known whether  the  perox- 
ides found in fuels would behave similar to di-tert-butyl - peraxide. 

- 

Treatment  of  Data 
u 

Figure 3 shows  the  test  results  for fuel B, initially  saturated 
with air and  filtered at 400' F, for 8 residence  time of 6 seconds. 
This figure is- presented tq show the  method of treatme& of the data. 
It wlll be  noted  that  after a ehort induction  period the change of pree- 
sure drop with tFme  remains  linear  until  telmination of the m. This 
is  consistent  with the filtration  behavior noted in  reference 1 in w h i c h  
filter  paper was used as the  filter medium. Immvch as the elope vaues 
of the  pressure-drop - time  curves  are  both  constant and werimen- 
reproducible,  they  are  considered a suitable  criterion  for  camparison 
of fuel  filter-clogging tendmCieB  for  variable erimental conditions. 
The  pressure-drop - time  curves may or may not catah induction pertab, 
which  are  not  considered in the calculation of' the slopes.  The  induc- 
tion  period  is  indicated  by a line of different elope  at  the initial 
portion of the  curve. The lengths of the  induction perlode may vary 
considerably  between runs for a fuel  under  identical experimental candf- 
tions,  but  these  lengths  have no effect upon the  slopes of the  pressure- 
drop - time  curves, as figure 3 demonstrates. 

Table III lists the slope values (referred to hereinafter a8 
filter-clo@;ging  rates) for both the  high-temperatme and- low-taerature . 
filters. The data f o r  the  high-temperature  filter  were  generally  re- 
producible to 10 to 15 percent,  which is sufficient to indicate def in i te  
effects of aissolvecl oqgen Fn the fuel. The low-teagerature f i l t e r  

* -  

c 
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data,  however,  did  not  reproduce  very well and often  were  not  obtained. 
"hey  are  listed in table III(b) since  they  give an indication  of  the 
relative  amount of ~ u m  wbich fs soluble  at  the b i g h  temperature  but  be- 
cmes insoluble  when the fuel is cooled. 

b 

Hfec-& of Dissolved W g e n  and  Temgerature 

0 4  

0 
a, Figure 4(a) shows  the  effect of dissolved  oxygen in the fuel on 
cn the filter-clogging  rstes at 400' F. (Fuel E was run at 350° F rather 

than 4OO0 F because of its  extreme  clogging  tendency.}  Because  fuel C 
in two runs w&s saturated  with air at  pressures  greater than 1 atmos- 
phere,  the  partial  pressures of the oxygen in the  oxygen-nitrogen mix- 
tures  used  for  saturation  were  plotted  against the slope  values  rather 
than the dissolved-Wgen analyses shown i n  table II(b). All the fuels 
studied sh0wed.m increase in filter-clogging  rate with increase i n  
dissolved-oxygen  codtent  at t h i s  temperature. This increase in filter- 
clogging tendency,  however, was not  general  throughout the range of 
dissolved-axygen  concentrations studied, since  fuels A and C showed no 
further  significant  increases wben cerMn cancentrations of CiLssolved 
owgen  were  reached. Two points  Fndicated  for  fuel C (at w g e n  partial 
pressure of 0.57 and 1.97 a b )  suggest a decrease in clogging tendency 

based on single  determinations, w h i c h  could  be Fn error,  and  it  is  not 
believed  that, i n  general,  the  use of high concentrations of dissolved 
oxygen would necessarily  result  in  reduced clogging tendencies. Two 
fuels (A and B) showed  substantially no f ilter-clogging tendency st 4000 
F when no dissolved oxygen was present. 

* 

A at very high concentrations of dissolved oqgen. These  points  were 

Figures 4(b) and (c) show the effect of both dissolved m g e n  and 
tanperatme an *e filter-cloggfng  rates of fuels A and C. Noteworthy 
is  the  marked  increase. in filter-cloe rate for both fuels  for a 
temperature  increase of mly 50° F (350° to 400' P) . 

Two test samples of fuel C, initiaJly  satureted with air and 
filtered  at 40O0 F, were taken downstream of the rate  control  valve  and 
analyzed for dissolved mgen. These analyses  were  made  to  estimate 
the  amount of dissolved oxygen consumed in heating the fuel  to  test 
conditions.  The  analytical  results  are shown In the following table: 

Dissolved oxygen in fuel, 
mg aqygen/lm of sample 

Before  heat- 
3.77, 3.74, 3.87 (av. = 3.79) After heating (test 1) 
5.32, 5.25, 5.35 (av. = 5.31) 

3.89, 3.95, 3.90 (av. = 3.91) After  heating  (test 2) 
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These  results  indicate  that  about 25 percent of the dissolved 
oxygen Initially  present was consumed in the  fuel on heating. However, 
in taking  fuel  samples, a small amount of gaseous  phase was released 
during depressurization of the  f'uel across the  rate  control  valve and 
this gas was  lost  campletely to the fuel. Since thie gas probably 
contained  some  oxygen,  the  indicated  25-percent oxygen cansumption  is 
a maximum, with  actual  consumption  being  somewhat  lese. 

Wfect of Fuel Variables 

The  data of table I11 (a) show that  the  relative  order of clogging 
tendencies of the fuels investigated  was B < C < A < D < E. Examina- 
tion of table I shows no apprent relations  between t h i s  order and the 
values of any of the -1 properties  listed.  There is also no relation 
between  this  order and the  peroxide  contents shown in table II(a). The 
peroxide  contents of the  fuel  did  not  change much in passing through 
the  rig.  Apparently,  none of the usual analysis data of fuel  proper- -- 

ties  can  be  used  effectively  to  estimate  the  filter-clogging  tendencies 
of air-saturated  fuels. 

Since  filter-clogging  rate is little  Influenced by such factor8 88 

volatility and hydrocarbon type, the minor, and often undetermined, 
cmponents of fuels  were  c-idered  as  precursors  of  insoluble gum. 
Reference 9 shows that Bmau amounts of polar compaunds in the  fuel are 
largely  responsible  for  the fouling of the  surfaces of E plate  -sed 
to  hot -1s. Theae cnmpounds, represent- only 0.7 percent of the 
fuel  (by volume), were  isolated by chromatography. A similar conclueion 
can be drawn frcan the results of one  test in w h i c h  m e 1  D waa repeatedly 
washed  with 5 percent  sulfuric  acid  before  testing. This acid remwed 
80me of the  constituents  contributing to the  color of the fuel, largely 
polsr cmpounds,  but  nonetheless was not  expected  to  have a measurable 
effect upon any of the  fuel  propertlee  listed in tsble I. Reeults of 
t h i s  test show that  acid washing reduced  the  filter-clogging rate f r o a n  
46.3 to 1.8 inches of mercury per  hour.  Since  the  effect of acid 
treatment was tested  with only one  fuel, it is not proposed  that  dilute 
acid  washing will, in general, be beneficial to all fuels with high 
f ilter-clogging tendencies. 

,Nature of FlLter  Deposits 

Two experimental runs were made with Arels B and D soleu for the 
purpose of estimating  the  weight of gum deposit on the  high-temperature 
filter. In these ruus s-t;ainless steel,  sintered-metal disks, 112 inch 
in dfameter,  were  used  as the filter  medium. These disks were weighed 
both  before  and after each  experimental run. ?Fuel B, a good q W t y  
JP-5 fuel, gave a deposit of 0.46 milligram of gum per gallon of fuel 
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over a run of 5 hours a t  400' F. Fuel D, a poor quality JP-4 fuel, gave 
a deposit of 1.32 milligrams of gum per  gallon of  fuel. for  a run of 3 1 

hours at 350' F. I n  both runs the fuel was i n i t i a l l y  saturated wLth  air. 
The  amount  of insoluble material deposited on the high-temperature f i l -  
ters was much less than the amount of gum that w a s  i n i t i a l l y  present i n  
these  fuels. Table I shows fuels B and I) t o  have- in i t fa l  gum (steam jet 
gum)  of 0.2 and 6.6 milligrams per 100 milliliters or, 7.6 and  250 m i l l i -  
grams per gallon,  respectively. These i n i t i a l  gum concentratfons  are 

b 

w roughly 20  and 200 times the  concentration of solids caught on t h e   f i l t e r  
Cn f o r  fuels B and D. The amount of insolfbles  deposited on t h e   f i l t e r s  was 
cn 
0 also only a small fraction of the amount of available  dissolved oxygen i n  

the  fuel,  the  concentration of dissolved oxygen being about 200 milligrams 
per gallon of fuel. 

.. . - 
" 

Mcroscopic examinations of f i l t e r  papers removed frm the ap- 
paratus after tests seemed t o  Fndicate that plugging of the papers WE~B 
largely due to   the  formatLon of large clusters of gtmr part ic les  about 
very d nuclei wzLthin the papers.  he clusts-s w e r e  made up of 
particles many times smaller than the open€ngs Sn the paper. The gum 

a.ll exposed surPaces of the f ibers  of the paper. Figure 5 shows photo- 
micrographs of three paper specimens at a magnification of 140. 

particles appeared t o  be  very taw in canaistency, readily adhering t o  

a 

Apparently there axe factors other than the amount of solids de- 
posited that affect   the  tendency of Insolubles formed a t  high temgera- 
tures t o  clog f i l t e r s .  Reference 10 shows that with some fuels  large 
amounts of solids were aeposited on t h e   f i l t e r  without appreciably 
increasing the pressure drop across the f i l t e r .  In the case of other 
fuels, on the other hand, re la t ively mall amounts ~ o l l d s  produced 
larger pressure-drop  increases. It is possible that these  differences 
i n  filter-clogging %&dencies may be re la ted   to  either (or both) (1) the 
part ic le   s ize  and general agglaaneration characteristics of the solids 
or (2) the surface  chg-acteristics and type of material of the f i l ter  
medium.  Same fue l  solids may adhere more readily t o  one type & sur- 
face than t o  another. These differences may result in poor correlation 
among vmious  types of bench-scale f i l t e r  t e s t  rigs, or between bench- 
sca l e   t e s t  r i g s  and full-scale mock-up systems. 

The effect  of dissolved oxygen on the f i l t e r a b i l i t y  of Jp-4 and 
JP-5 fuels was studied  for the temperature  range of 3OO0 to 400° F. 

m Results of the investigation may be sumazized as follows: 

1. Dissolved oxygen increased  the  filter-clogging  tendencies of 
.I all fuels  studied a t  teqperatures above 350° F. AB a rule,  the rate of 
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f i l t e r  clogging increasedwith  increased axygen concentration,  but 
there were apparent U-mits t o  the range c$ oxygen concentrations t o  
which t h i s  increase  applied. These lhdts varied with the  particular 
fuel  in question. 

2. The effect  of temperature 011 filter-clogging rates was studied 
for two fuels. Both fuels showed increased  filter-clogging rates with 
increased  temperature, which  became  more pronounced as the  dissolved- 
oxygen concentration was increased. 

-- 8 
3. No relations were apparent between the  filter-clogging  tecdencies 

fl 

of these  fuels and any of the usual inspection data of Fuel properties. 

4. The amount of insoluble materials f i l t e r e d   a t  high temperature8 
w a s  very small, of the  order of 1 milligram per gdlon. This amount 
was much less  than both  the  existent gum initially present in the fuel 
and the  concentration of dissolved oxygen present in &-saturated 
fuels . " 

Lewis Flight 33-opulsion Laboratory 
National Adsrisory  Caamnittee -Aeronautics 

Cleveland, Ohio, September 27, 1955 
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I 10. N i x m ,  A. C., Cole, C. A., and Minor, H. B . : The Effect of Canrpo- 

sition and Storage on Laboratory Properties of Jet  Fuels. Paper 
presented a t  SAE meeting, Atlantic  City (R.J. 1, June 12-17, 1955. 
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Fuel  property 

Reid vapor pressure, lb/6q i n .  at 100' F 
Specif'ic gravi ty ,  600 F/6@ F 
Hydrogen-carbon r a t io  
Aniline  point, OF 
Aromatics 

Silica  gel,  percent  by volume 
Bromine  number, g/100 g 
Sulfur content,  percent by weight 
Steam Jet gum at  4000 F, mg/lOo ml 
Accelerated gum at 212O F (16 hr), 

Doctor t e s t  
A.S.T.M. Di6tillation, 9 

Ini t ia l   boi l ing point 
Percentage  evaporated . 

5 
10 
20 
30 
40 
50 " 

60 
70 
80 
90 
95 

m g / l O O  ml 

" 

Final boiling  point . 
Residue, percent . . .. . 

Loss, percent 

T 
A 

2.3 
.825 
.I59 
104.0 

26.5 
7.0 
.07 
6.4 

57.2 
Sweet 

146 

19 8 
235 
27 8 
312 
339 
359 
393 
434 
477 
521 
540 

- 572 
1.2 
.8 

B 
" 

"- 
.815 
.160 
L48.6 

13.7 
1.0 
.08 
0.2 

5.0 
jweet 

360 

37 3 
382 
399 
409 
419 
429 
439 
449 
459 
473 
481 

502 
1. c 
1.0 

FlEI 

C 
"" 

"- 
.e13 
.160 

L52.6 

12.2 
.5 
.03 
1.4 

3.8 
Sweet 

328 

37 0 
3% 
398 
408 
47-8 
428 
440 
452 
466 
486 
506 

536 
1.5 
0 

D 

2.4 
.793 
.154 
L04.0 

28.1 
38.0 
.06 
6.6 

67.0 
Sweet 

136 

1 7  6 
2 17 
2 67 
304 
329 
348 
367 
385 
403 
423 
439 

47 6 
1.2 
.8 

"_ 

- 

E 

2.4 
.794 
.158 

116.8 

21.6 
7.8 
.23 
4.0 

12.4 
3wee t 

146 

192 
224 
267 
295 
321 
341 
361 
381 
4 07 
445 
47 5 

510 
1.2 

.8 

. .- - 

_. 
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(a) organic  peroxides i n  fuel. 

(b ) Dissolved oxygen i n  f u e l  when saturated w i t h  
various oxygen-nitrogen mixtures at 750 F. 

Fuel Dissolved oxygen i n  fuel, mg oxygen/lOO m l  fuel 

Pmtial pressure of dissolved oxygen i n  saturation gas, 
a t m  

0.02 0.21 0.15 0.10 0.05 

A 0.43 1.11 1.9s 

4.78 "" E& 
5.01 3.44 2.21 1.17 .44 Da 
5.31 C 
4.76 "" 2.35 1.U "" B 
4.68 "" 

"" "" "" "" 

"" - - " "" 

Vue1 washed with dilute  acid before  saturation  in order t o  
remove color bodies that  would interfere w i t h  color of 
t i tration  indicator.  

I 
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Run Fuel temper- I ature when 
f i l tered,  

DF 

ml-flow 
rat e , m e s s u r e a o p  - ttme e w e s ,  w,. in. ~g/hr 

ml/dn P a r t i a l  pressure of m e n  i n  gas 
used for saturation, 

a t m  

0.0 1.97 0.57 0.21 0.10 0.15 0.05 0.02 

. ~ Fuel A. ~ 

1 300 0.1 "" "" ""  "" 0.4 ---- 60 
2 -7 "" 

Average -2  "" "" ""  "" .6 ---_ 

.:.. _. .., . ..-. . 

-3 "" "" ""  "" 
' 

1 350 60 .g "" 
2 

Average -8 -___ _ _ _ _  
1 400 60 .o 3.2 13.4 
2 .o 2.8 13.3 
3 -1 "" "" 

Average .O 3.0 13.4 

"" 

-6 _ _ _ _  _ _ _ _  "" "" 

"" 

33.9 
35 -0 
33.0 
34.0 

"" 

"" - 
"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

"" 

3 .8 

Average 2.0 "" .7 

"d "" 

.. . 

" 

avalue not  used i n  average. 

n 
_" . " 

c 

.. . 

" 

L. 

I 

. 
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Fuel temper- 
ature  before 
coo-, 

OF 

Fuel A 

1 
26.2 ____  _-I _-_ -I_ 2.9 2 
14.5 -" "" "" "" 2.1 60 350 

Average 20.4 --" "" " "" 2.5 
1 Boo 

46.4 ---- 61 __-_ ---- 17 -7 3 
46.5 "" 59 78 49.0 46.5 2 
61 " 43.2 88 12.5 62 60 

Average 42.1 30.7 a3 54.4  51.3 --- 
Fuel B 

1 

1.4 "- "" -3 "- "" 3 
1.9 "" 1.0 .1 "" 1.2 2 
1.6 ---- 0.6 0.0 ---- 2.0 60 400 

Aver age 1.6 ---- .2 .a 1.6 "" 

Fuel c 
1 

19.0 " "- "- "" 3.4 2 
2.9 . "" "" "" "" 0.8 90 400 

Average I 2.1 1 --- I -- I --" I "" 1 11.0 
'Fuel D 

1 

4.0 "" 2.4 1 . 2  "" 0.5 2 
2.0 1.2 0.3 0.5 ---- 3.7 60 350 1 
0.7 "I 60 300 

1.9 

"" "" "- "" 

3 "" "" ""  "" "" 

Average 

" "" 9.0 --- 1.1 3.5 
--- "" 2.4 3.7 8.0 

2 
.5 6Q. 400 1 

2.6  1.2 1.4 .9 --- 2..1 

Average . . - 1 2.0 I 4.5 1 3.7 1 5.7 I --- 1 "" 
* Fuel x 

1 350 I 60 4.2 "- "" "" "" "" 
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Figure 1. - Schematic diagram of filterability test  facilities. 
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Figure 2. - Filter holder  details. 



18 NACA RM E55128 

c 

I 70 80 
Time, mFn 

Figure 3. - Results of fuel stability tests for fuel B filter@ at moo F 
f o r  a residence tFme of 6 seconds. Fuel Initially saturated with s l r .  
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F€gure 4. - gPfect of dissolved oxygen and temperature on fllter- 
ability of various fuels. 



Partial preeeurc of oxygen in saturation gas, a- 

(b) Fuel A. 

Figure 4 .  - Contirmtd. Effcet o f  disaolmd cYygsn and temgenture on fllterability of 
v a r i w  iuel.. 

I . . .  .. . . . .  

- 9 

I 
, .  

. . . . . . . . . . . . . . . . . . .. . . 
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(b) Deposit of fuel D at 400' F; initially ( e )  &posit Of fuel B at 400' F; tnitiaL1y 
eaturated with 5 percent  oxygen, 95 peruent saturated with air. - 

nitrogen mixture. 

Figure 5. - Photomicrographs of filter-paper specimens. Xl40. 
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